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Abstract 
The present study deals with the elimination of phenol by adsorption onto polyaniline coated silica gel, 
from synthesized aqueous solutions. The silica gel was coated by the polyaniline, a conducting and an electroactive 
polymer in order to modify its surface structure to improve its adsorption capacity. The study was carried out 
batchwise and the effect of important operating parameters like the contacting time, the initial concentration, the 
temperature and the pH was also investigated. The obtained results showed that the polyaniline coating of the silica 
gel surface did in fact improve the adsorption capacity of phenol. 
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1. Introduction 
             The water pollution is one of the major concern in term of environment and hence the quality of 
life. Among the various pollutants in industrial waste water effluents from different industries such as 
pharmaceutical, oil, paper and others, Phenol can be present at important concentrations and is regarded as 
among the most toxic compounds [1]. In fact its concentration in air, water or ground can vary from few 
ppm to 4g/l, in severe systematic pollution cases [2], whereas according to the E.P.A (Environmental 
protection Agency) regulations, the maximum allowed phenol concentration is 5 ppm ( 19 mg/m 3 ) [3]. 
Phenol can be a very harmful compound to living organisms even at very low concentrations. For 
instance, ingestion of phenol contamined water in human body may cause protein degeneration, erosion of 
tissues, paralysis of central nervous system, damages to the kidneys, the liver, pancreas, etc. [4]. Therefore 
one can see the necessity for removing phenol from industrial wastewaters where different techniques do 
exist one can cite biological degradation, chemical oxidation, liquid-liquid extraction and adsorption 
which is the main interest of the present study.  
The performance of this technique depends upon the adsorbent to be used, a fact which has 
motivated the test of different solid support such as silica gel coated with polymer such as polyaniline to  
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remove an organic pollutant such as phenol, despite the fact that Polyaniline has been used for the coating 
of various solid supports for mainly removing heavy metal cations, since it is a conducting and an 
electroactive compound.  
2. Experimental 
Commercial porous silica gel was supplied by PROLABO as spherical particles with diameters 
ranging from 63 to 200 um, specific area of 500 m2/g and a porous volume of 75 cm3 /g. Due to the 
presence of some trace impurities, mainly carbon and chlorine, a washing of the silica gel with 
hydrochloric acid, was required and followed by a rinsing in distilled water. The product was dried and 
stored in a desiccator, ready for further use. 
Aniline (C6H7N) was obtained from ACROS ORGANICS (France), 99.8% pure with a molecular 
weight of 93.13 and a specific gravity of 1.021 whereas Ammonium persulfate (NH4)2 S2O8 was supplied 
by LABOSI (France) with a molecular weight of 228.2 and Phenol C6H5OH an aromatic organic 
compound, by PROLABO, with a molecular weight of    94 g/l.  Bidistilled water was prepared locally 
using a GFL 2001/4 distillation unit. 
 
2.1. Experimental Procedure 
2.2. Synthesis of silica – polyaniline support 
 
The chemical synthesis of the polyaniline used as the coating polymer was based on the chemical 
reaction as shown in Figure 1. It was directly performed on the silica particles by injecting freshly distilled 
aniline in sealed beaker containing Ammonium persulfate (NH4)2 S2O8 and silica gel. The mixture was 
continuously stirred at constant temperature of 25° C for 2 hours. The resulting product was filtrated and 
then washed with hydrochloric acid and then dried at 95°C producing a fine green powder. This 
confirmed the fact that polyaniline was the only organic conducting polymer which was stable enough  in 
the air in the form of a green powder as presented in Figure 2. It can be seen that polyaniline acted as a 
binding agent for the silica particles. Therefore the preparation of the composite colloidal conducting 
polymer was achieved by means of an in situ deposition of a thin polyaniline film on the silica particles. 
 
Fig 1: General scheme of the silica gel polyaniline composite. 
2.3. Elemental analysis 
This analysis was made for samples consisting of polyaniline coated silica gel and of just 
polyaniline and the results are shown in the following table1: 
Table1: Elemental analysis  
Sample Carbone Hydrogen Nitrogen 
Silica gel 
Polyaniline
 0,106 
23,958 
1,36 
3,605 
0,46 
5,03 
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Si-polyanilin 9,18 2 ,08 2,27 
When the rate of nitrogen present in the solid support, one can calculate the mass of polymer expressed in 
mg per gram of solid support as follows: 
  ( mg/g = %  Nsup. 1000% Npoly 
 
with Nsup and Npoly are the percentages of nitrogen in the support and in the polymer, respectively [6]. The 
value of  expresses the mass of polymer adsorbed in mg for 1g of coated silica gel.  
Therefore the mass of adsorbed polymer A in mg for 1m2 of silica coated is given as follows: 
       
                          A= (mg/m2) =  / Ssp 
 
with Sspe specific surface area of coated silica gel.  
The thickness of the adsorbed polymer layer can also be calculated from the following expression: 
                         H(A) =  .100/Ssp 
 
Table 2: Specific surface area of silica gel/polyaniline and polyaniline. 
Bare  silica gel (m2/g) Silica/ polyaniline (m2/g) Polyaniline (m2/g) 
 
   448,16  
 
     344,32 
 
        46,89 
 
     
 
2.4. Phenol elimination 
 
The adsorption of the phenol in aqueous solution onto the polyaniline coated silica gel was 
considered batchwise, investigating the effect of different parameters like the contacting time, the initial 
concentration, the pH, etc. 
 
 
2.5. Preparation of the phenol solutions 
 
Aqueous phenol solutions of were prepared fixing the pH at 6. A mass of 0.1g of the solid 
support silica gel /polyaniline were mixed to in a beaker to a volume of 30ml of the prepared 400mg /l 
phenol solution at 25° C. The solid support and the liquid are separated by filtration and a sample of the 
filtrate was analyzed by means of U.V spectroscopic using a visible spectroscopic (Shimadzu160) with a 
wavelength of  269 nm. 
3. Results and Discussion 
3.1 Adsorption kinetics  
The adsorption process was a transfer of the pollutant from the liquid phase to the solid one.  The 
contacting time between the two phases had an effect on the mass transfer rate and Figure 2 shows the 
kinetic of adsorption expressed in terms of the adsorbed phenol amount. A very rapid phase was exhibited 
at the beginning, followed by saturation after about just 30mn. The rapid phenol adsorption kinetic step 
can be explained by the porous structure of the solid support and the corresponding results are in 
agreement with the values reported in the literature [7], [8], [4].  In the next step, equilibrium was reached 
and hence it can be noted that the adsorption phenomena is mainly governed by these two steps. Therefore 
the polyaniline coating of the silica gel had in fact favorably induced a modification of its surface 
properties, improving the retention capacity. 
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Figure 2: Effect of contacting time on adsorption of  phénol by silica gel   ccoated by polyaniline (Conditions : contacting times 
=240min,Co=400mg/l,pH=6,T=25±1°C,m=0,1g,v=30ml,V=600tr/min) 
3.2. Effect of pH  
 The elimination of Phenol by adsorption depends greatly on the pH. At a strongly acidic pH 
(pH=2), the support did not adsorb whereas at pH values of 4, 5 and 6, the adsorption rate increased 
reaching its maximum values. Therefore the considered adsorbent was suitable for the decontamination of 
the solution. 
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Fig 3:  Effect of pH on retention of phenol by silica gel coated by polyaniline (Conditions : contacting time 
=120min,Co=400mg/l,T=25±1°C,m= 0.1g,v=30ml,V=600tr/min) 
3.3. Effect of the initial concentration 
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In order to assess the effect of the initial concentration on the adsorption capacity of Phenol onto 
silica gel coated by the polyaniline, different concentrations of phenol ranging from 30 to 400mg/l, were 
tested. The results show that the coated solid support capacity for eliminating phenol increased with initial 
concentration phenol increase. 
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Figure  4  : Effect  of  concentration  on the  retention of  phenol by silica gel coated by  polyaniline (Conditions :contacting time 
=120min,pH=6,T=25±1°C,m=0,1g,v=30ml,V=600tr/min) 
 
3.4. Effect of the temperature
In order to study the effect of temperature on the adsorption capacity of phenol onto polyaniline 
coated silica gel, the temperatures of  30°C , 40°C and 60°C were considered. The results presented in 
Figure 5 shows that the kinetic process of adsorption of phenol is enhanced at  low temperature, 
confirming the results reported in [7]. 
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Figure 5: Effect of the temperature on retention of  phenol onto silica gel coated by polyaniline (Conditions :contacting time =120 
min, pH= 6,Co=400mg/l, m=0,1g,v=30ml,V=600tr/min) 
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3.5. Isotherm of adsorption  
 
The study of the adsorption isotherm was also considered according to the previous experimental 
procedure and with the following characteristics: 
 The concentration of the aqueous solutions of phenol varied as 30, 60, 120, 200, 300 and 400 
mg/ l  
 The contacting time was fixed at 120 min. 
 The PH = 6 ± 1 
The curve of Figure  6 shows that the solid support presented a good affinity for phenol and the capacity 
of adsorption increased with the initial concentration. 
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Figure6 : Adsorption isotherm of phenol  onto silica coated by polyaniline Conditions :contacting 
time=120min,pH=6,V=600tr/min,T=25°C)] 
4. Conclusion  
 The obtained results confirm that the silica gel coated with the polyaniline could in fact adsorb 
phenol in aqueous solutions. The performance of adsorption was affected by certain parameters such the 
initial concentration, the contacting time, the temperature and the pH. 
The obtained results show also that the adsorption onto materials like silica gel coated by 
polyaniline was efficient and proved to be a suitable method for the treatment of industrial effluents.  
Therefore basing on these results, it can be concluded that the silica gel coated with polyaniline 
provides a good adsorbent for the elimination of an organic pollutant like Phenol from aqueous solutions. 
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